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FIELD OF THE IIJVENTION 



This invention relates to the treatment of schizophrenia. 



GENERAL BACKGROUND 



Considerable interest has beer shown in recent years in the 
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use of prostaglandin (PG) precursors in medicine. 



For various reasons it is not practical to administer 
naturally-occurring prostaglandins such as PGE 1 and PGE 2 to 
patients. Consequently, considerable attention has focussed on 
the use of prostaglandin precursors including linoleic acid 
(9,12-octadecadie:ioic acid), y-linolenic acid (6 ,9, 12-octadecatrienoic 
acid) and dihomo-y-linolenic acid (5,8,11-eiccsatrienoic acid) , 
conversion in the body being believed to be as fo^iows: 



Linoleic acid 



Y-Linclenic acid 




Esterified — 
reserves ^ 



Dihomo-Y-linolenic acid 




Prostaglandins 
of the 1 series 



Esterified — 
reserves ^ 



Arachidonic acid 
— (5 f8,ll,14-eicosatetrienoic 
acid) ■ 




Prostaglandins 
of the 2 series 
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Thus Y-linolenic acid and dihono-y-linolenic acid function 
as precursors for both 1- and 2-3eries PC's. The present inventor 
believes it advantageous if the biosynthesis of 1-series PG*s can 
be effected preferentially to that of 2-series PC's in conditions 

5 in which 1-series PG imbalances or lack need to be corrected. 

It has previously been believed 'chat selective enhancement of 
1-series PG formation and inhibition of 2-series PG formation are 
impossible because the mobilisation of DGLA reserves and the 
mobilisation of AA reserves have been thought to be the same reaction, 

10 mediated by the same phospho lipase. Similarly the formation of 
1-series endoperoxides from DGLA, leading to 1-series PC's has 
been thought inseparable from the formation of 2-series endoperoxides 
from AA, leading to 2-series PC's. The inventor however has 
evidence that these assumptions are not true and that agents cay 

15 be found which regulate the reactions selectively; for example 
penicillin and zinc appear to activate DGLA mobilisation without 
effecting AA mobilisation and the formcition of 1-series PC's is 
increased preferentially. 

Most broadly, agents effective are those which: 

20 'a) selectively activate DGLA mobilisation or conversion to 

endoperoxides, with small or no effect on AA mobilisation or conversion; 

(b) inhibit conversion of DGLA to AA. (The body can make up any 

lack of AA from reserves to maintain 2-series PG production if required) 

(c) selectively inhibit AA mobilisation or conversion to 

25 endoperoxides, with small or no effect on DGLA mobilisation or 
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conversion. 

Materials influencing the l-series/2-series PG balance in 
the body, in favour of 1-series PC's, which may be referred to 
as * 1-series PG enhancers', are thus believed to act by one or 
5 more of the above mechanisms. 

THE INVENTION 

Thus at its broadest the present invention provides a 
method of treating schizophrenia in which a 3 -lactam antibiotic 
is administered, to influence the l-series/2-series PG balance 
10 in the body in favour of 1-series PC's. 
DESCRIPTION OF THE PRIOR ART 

Prior art within this general area includes the following 
patents and papers • 

(i) U.S. Patents Nos. 3 993 775 {issued November 23rd, 1976) and 
15 4 058 594 (issued November 15th, 1977) ot John Williams, which 

described a method of providing an imriUno-suppressive effect in a 
patient undergoing organ or tissue transplant or su.. tering from 
multiple sclerosis comprising administration of a daily dosage of 
from 5 mg to 3 g of y-linolenic acid or dihomo-Y-linolenic acid 
20 or a functional derivative thereof. 

(ii) British Patent Specification No, 1 082 624, published Septeinber 
6th, 1967, (Calmic Limited) , which discloses effectiveness of 
Y-linolenic acid in the treatment of vascular diseases. 

(iii) McCcrmack, Neil and Sim {The Lancet, pane 508, Septenber 3rd, 
25 1977) , who described preliminary work on the use of an oil containing 
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a mixture of linoleic acid and y-linolenic acid (as triglycerides) 
in the treatment of rheumatoid arthritis. 

(iv) Sim and McCraw (Thrombosis Research Volume 10, pages 385-397, 
1977), who describe activity of the methyl esters of Y-linolenic 
5 acid and dihomo-Y-linolenic acid in vitro emd in vivo or blood 
platelet function in non-human primates and in man. 
SCHIZOPHRENIA 

In the Lancet, page 936, April 30, 1977 the present inventor 
has suggested that schizophrenia i? a prostaglandin deficiency 
10 disease. Schizophrenia is not a disordei which would suggesu the 
use of immu no -suppressive drugs. The specific suggestion was made 
that arachidonic acid, known to be a precursor of prostaglandini. 
of the 2-series should alleviate schizophrenia. 

As a result of further research, the present inventor now 
15 believes that schizophrenia is due not to a deficiency of 2 -series- 
PCs but rather to a deficinecy of PGE 1 and other PCs of the i- 
series, of which arachidonic acid is not a precursor, or an 
imbalance in the normal ratio of 1 -series and 2-series PGs . 
Further it has been surprisingly found that B-lactam 
20 antibiotics,, for example phenoxymethyl penicillin (penicillin V), 
'are able to stimulate the production of PGs of the 1-seriec- in 
rats, and moreover that the use of such compounds in 



the treatment of patients suffering from "classic" schizophrenia 
has indicated that they have an antipsychotic activity. 

Thus the invention provides a method of treating schizophrenia 
in a patient which comprises administering an effective amount 
5 of a 6 -lactam antibiotic. 

B -lactam antibiotics which may be used according to the present 
invention, are conveniently any of the known penicillin and 
cephalosporin antibiotics (including semi-synthetic antibiotics) 
such as, for example, penicillin G, penicillin N, penicillin V, 
10 cephalexin, cephalothin, ampicillin, amoxycillin, cloxacillin and 
cephaloglycin . Any of these may be used in the form of their 
physiologically functional non-toxic derivatives, for example alkali 
metal salts e.g. sodium and potassium salts, and salts with organic, 
bases, and reference to an antibiotic herein (including the claims) 
15 includes reference to such derivatives. 

The antibiotics may for example be administered orally, 
parenterally or rectally as desired. 

The antibiotic is preferably administered in the form of 
dosage units. Suitable daily dosages of said active ingredient 
20 may for example be in the range 0.5 to 3.0 g per day in patients 

of average weight. Such daily dosages may conveniently be divided 
into for example, two, three or four equal doses to be administered 
two, three or four times daily respectively. 

In severely disturbed patients it may be desirable to 
25 additionally administer conventional tranquillizers in addition to 
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regfular treatment with penicillin, but this is only required 
when such patients experience extreme agitation, insomnia or 
hallucinations . 

The use of penicillins in the long term treatment of 
rchizophrenia is especially desirable in viev/ of the known relative 
absence of side effects of these drugs. Thus, penicillin has ^oen 
administered for many years to patients having rheumatic heart 
disease in order to prevent streptococcal infections, and there 
is virtually no evidence of long term toxicity. 

Care should of course be taken to ensure that the patient 
is not allergic to the drug of choice. With respect to the known 
ability of penicillins to produce reactions in some patients due 
to penicillin hypersensitivity, there is evidence to suggest that 
schizophrenics have a reduced incidence of allergic reactions and 
more particularly of penicillin hypersensitivity. Thus, the 
problem, usually associated with penicillin antihiotic therapy, 
of hyper sensitization in a small number of patients, is not quite 
so important in the treatment of schizophrenia using {.onic ii iins . 

A valuable benefit of the present invention is that the 
hitherto extensively used cherootherapeut ic agents for schizophrenia 
have been associated with a tranquillizing activity, with the 
result that the use of these drugs in therapy is combined with an 
often undesired heavy sedation of the patient. Also such drugs 
may be responsible for the production of irreversible damage in 
up to 70% of patients to those parts of the brain which control 



movement. Avoidance or substantial avoidance of the use of 
these drugs is thus of great value. 

It is of particular value to combine the above two new 
approaches in a method of treating schizophrenia in a patient 

5 which comprises administering to the patient an effective 

amount of a B -lactam antibiotic together with v-linolenic acid 
and/of dihomo-Y-linolenic acid, said acids being used, if desired, 
as physiologically functional derivatives thereof, and if desired 
in association with linoleic acid or other fat acids, 

lO S- lactam antibiotics which may be used are conveniently as 

above . 

The dosages also are suitably as above, in conjunction with 
iuitable amounts o£ ylinolenic acid, dihomo-v-linolenic acid 
or equivalent derivative, in particular 0.1 to 1.0 g daily. 

15 If it is not desired to have compositions comprising both 

the antibiotics and the y-linolenic or other acid or derivatives, 
packs may be prepared comprising the active materials presented 
for separate administration in the appropriate relative amowts, 
and such packs are within the purview of the invention. 

20 DIETARY COMPOSITIONS 

The invention is chiefly described in terms of pharmaceutical 
compositions, but It will be understood that the y-linolenic and 
other acids, being in the nature of dietary supplements, could if 
available at an economic price be incorporated in a dietary 

25 margarine or other foodstuff; such foodstuffs are referred to 
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herein as dietary compositions. 

FORMS AND SOURCES OF Y-LINQLENIC AND QTirER ACIDS 

Convenient physiologically functional dei i v.i t i ves oi 

Y-linolenic acid and di homo-Y- 1 i nolenic acid incliior t he C -C 

1 A 

alkly (e.g. methyl and ethyl) estc^xr: and the; clyceijdos oj the 
acids . 

If desired, pharmaceutical c ii.pcLiititjnt; r.ay be produced 
by associating natural or syntlietic y-liriolenic ^^clc (cr a 
physiologically functional derivative thereol) and/or dihomo-Y- 
linolenic acid (or a physiologically functional derivative thereof) 
as such, with an acceptable pharmaceutical vehicle. It will 
however generally be convenient to incorporate the y-linolenic 
acid into compositions in the form of an available oil having a 
high Y-linolenic acid content. 

At the present tijuo known natural scuicos of oili: hr^ivinc a 
high Y-linolenic acid content are few (thert.^ aro no known natural 
sources of significant amounts of dihonjo-y-linol-rmic acid) . 
One source of oils currently available is th«r lit^ed oi Evening 
Primrose species such as Oenothera biennis L, and Oenothera 
lamarckiana ^ the oil extract therefrom containinc >-linole;iic 
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acid aiid linoleic acid in the foroQ of their glycerldes together 
with other glycerides. Another source of y-linolenic acid is the 
seed of Borage species sach as B ^rago officinalis which, though 
its current yield per acre is low, provides a richer source of 
. Y-iinolenic acid than Oenothera oil. Recent studies on fungi which 
can be cultivated by f et-mcntation promise a fungal oil Fource, 

The seed oil extracts referred to above can be used as such 
or can if desired be fractionated to yield cm oily composition 
containing the triglycerides of y-linolenic acid and linoleic 
acid as the only fatty acid components, the y-linolenic acid content 
btring a major proportion. Seed oil extracts appear to have a 
stabilising effect upon any dihomo-y-linolenic acid or physiologically 
functional derivative thereof inc:: rporated therein. 
USE OF ZINC 

As has been mentioned above, >-linolenic acid and dihomo-y- 
linolenic acid function as precursors for both 1 and 2-series PC's. 
The present inventor believes it advantageous if the biosynthesis 
ol i-series PG's can be effected preferentially to that of 2-series 
I'G's in conditionii, not merely schizophrenia in which l-series PG 
imbalances^ or lack need to be corrected. 

Without restriction to the theory, the present inventor 
believes that zinc tends to stimulate the biosynthesis of l-series 
PC's and specifically that it potentiates mobilisation of esterified 
reserves ot dihomo-Y - linolenic acid. This enables one to use zinc 
conjointly with y-linolenic acid and/or dihomo-y-li nolenic acid. 



USE OF e-LACTAM ANTIBIOTICS 

The present inventor belicvoi; i!i.at tht- reason for the 

effectiveness 
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of the antibiotics is that, as he believes with zinc, they enhance 
utilisation of ester reserves of aihomo-y-linolenic acid. 
Whether or not this is so, and no restriction to the theory is 
intended, zinc and antibiotics do appear to have parallel effects 
in treating schizophrenia when used with the Y-linolenic or other 
acids and derivatives. 

It is also, further possible and has been found valuable to 
use both zinc and B -lactam antibiotics conjointly with the 
Y-linolenic acid, cihomo-y-linolenic acid or derivatives as 
described earlier. 

In all cases the amounts of active materials ar>* as discussed 
already and association of the y-Hnolenic acid with linolcic or 
other fat acids is possible. 
PHARMACEUTICAL PRESENTATION 

The compositions according to the invention are conveniently 
in a form suitable for oral, rectal, parenteral or topical 
administration in a suitable pharmaceutical vehicle, as discussed 
in detail for example in U.K. Patent Specification No. 1 0B2 624 
and in any case known generally according to the type of preparation. 
Thus for example tablets, capsules, ingestible liquid or powder 
preparations, creams and lotions for topical application, or 
suppositories, can be prepared as required. 

Advantageously a preservative such as a-tocopherol is 
incorporated into the preparations. Q-Tocopherol in a concentration 
of about 0.1% by weight has been found suitable for the purpose. 
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20 
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It will be understood that the absolute quantity of active 
ingredients present in any dosage unit should not exceed that 
appropriate to the zate and manner of administration to be employed 
but on the other hand should also desirably be adequate to allow 
the desired rate of administration to be achieved by a small number 
of doses. The rate of administration will moreover depend on the 
precise pharmoco logical action desired. 

The following Examples serve to illustrate pharmaceutical 
compositions according to the invention: - 

EXAMPL£S 

Pharmaceutical compositions containing a unit dose of 
oil extract from the seeds of Oenothera biennis L , optionally with 
methyl dihomo-y-linolenate and/or zinc sulphate and/or penicillin V 
are prepared by encapsulation of the natural oil in soft gelatin 
capsules manufactured by known methods. 

The oil is extracted from the seeds by one of the ccnv-intional 
methods of extraction such as cold pressure, screw pressure after 
partially cooking the seed, or solvent extraction. 

Fractionation of a typical sample of this oil shows a yield 
of 97. 0% oil in the form of methyl esters, with the relative 
proportions ; 

Palmitate d.lb 

Stearate 

Oleate lO.lS 
Linoleate 72.6 
Y-Linolenate 
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AS preservative, a-tocopherol is added to the oil in concentration 
of 0.1%. 

Gelatin capsules containing oil extracts prepared as 
described above, each having the following contents of active 
S ingredients (O.S g oil extract = ca 0.045 g y-linolenic acid) , 

are prepared in conventional fashion. The zinc ir.ay conveniently 
be incorporated as zinc oleate irade by the method disclosed in 
Monatschrift 42^ 287 (1921) and similar metbods may be applied to 
make for example zinc y-linclenate if desired. 
10 EXAMPLES, SCHIZOPHRENIA 

EXAMPLE 1 
Oil extract O.S g 

Penicillin V 0.25 g 

Two capsules may be administered thrice daily in the treatment 
IS of schizophrenia. 

EXAMPLE 2 
Oil extract O.S g 

Penicillin V 0.2S g 

Zinc sulphate 10 mg 

20 Two capsules may be administered thrice daily in the treatment 

of schizophrenia. 

EX AMPLE 3 
Oil extract O. g 

Methyl dihomo-Y-linolenate 10 mg 
^'z Peiiicillin V 0.25 g 

Zinc sulphate 10 mg 
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Two capsules may be administered thrice daily in the Vreatment 
of schizophrenia. 

EXAMPLE 4 

Penicillin V tablets 250 mg made by conventional methods 
may be administered in the treatment of schizophrenia, one tablet 
four times a day, 
EVIDENCE OF EFFICACY 

The conditions are considered in turn. 
SCHIZOPHRENIA 
1. Penicillin alone 

A group of ten severe chronic schizophrenics stabilised on 
standard phenothiazine drug therapy and known to relapse without 
it were taken off these drugs and given penicillin V 300 mg four 
times a day, rising to 600 mg. In nine out of the ten cases the 
stabilised condition was successfully maintained on the penicillii 
alone over many weeks, with benefit to the patients from the 
absence of the known phenothiazine side effects including 
sleepiness. One patient re-acted adversely to the higher doses of 
penicillin and was returned to the previous therapy. 

Further, a female patient aged 50 who had suffered for 20 
years from severe schizophrenia and was aggressive, paranoid and 
hypochondriacal in spite of conventional drug treatment with 
haloperidol (10 mg tds) plus flupenthixol decanoate (40 mg /month) 
was taken off these drugs. After three weeks she was given 
penicillin V 250 mg qds. In the first week her symptoms became 



less severe and a steady improvement was maintained over five 
months , 

2. Oenothera oil alone 

Three further patients stabilised on standard phenothiazine 
drug therapy were tfiiken off these drugs and instead given Oenothera 
oil 2 X 0.6 ml capsules qds. The stabilised condition of each 
patient was maintained for several weeks. 

3. Oenothera oil and penicillin together 

The female patient referred to above was taken off the 
penicillin and after three weeks had again become markedly 
aggressive, paranoid and hypochondriacal. She was then given 
Oenothera oil (2 x 0.6 ml capsules qds) and penicillin V (250 mg qds) 
There was some initial nausea and headache but after two woeks 
hypochondriacal delusions ceased and after six weeks paranoid 
delusions, aggressiveness and incongruity of affect had also 
disappeared. Further, 6 kg in weight were lost in the course of 
16 weeks in spite of a regular diet. 

A further, male patient of 31. had suffered from severe 
schizophrenic illness for 12 years and had been an in-patient for 
7 years, aggressive, hearing voices, of wild staring appearance and 
not speaking spontaneously to others- He had been receiving 
f luphenazinedecanoate 75 mg every two weeks, benzhexol 5 mg three 
times a day and supplementary chlorpromazine as required. He was 
taken off these drugs and given Oenothera oil and penicillin as above 
for one month and an increase to 3 capsules qds in the oil thereafter 
Over a period of six months he became co-operative, not easily upset 



by fellow patients, without aggressions, speaking spontaneously 
and appropiTiately to others, and with almost normal affect. 
His BPRS score dropped from 44 to 21 over the period. 

Four other severe chronic iichizophrenics controlled by 
5 phenothiazines were withdrawn from them and given the Oenothera oil 

and penicillin. The condition of each was maintained without the 
side effects of the o* her drugs. 
4 . Oenothera oil, penicillin and zinc 

Preliminary trials with a small group of similar patients tc 
10 those in the previous trials have been promising on the following 

Oenothera oil 6 or 8 x 0.6 ml capsules/day 

Penicillin 250 mg qds 

Zinc, as sulphate 20 to 40 mg/day 
USE OF ZINC 

15 Substantial clinical results '.re not at present available 

on the use of zinc but the present inventor believes, without 
wishing to be limited to the theory, that at the root of all the 
conditions lies a fault in prostaglandin metabolism whereby PC's 
of the 1-series are lacking or their balance with 2-series PC's 

20 is upset- From evidence such as that listed below the inventor 

believes that zinc increases formation of 1-series PG*s 
selectively, apparently by mediating the mobilisation froc ester 
resources of dihomo-y'll^ol^i^lc acid. 

Thus zxnc is indicated herein, as favouring 1-series PG 

25 synthesis specifically from administered yllnolenic acid and 
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related materials. 

In one group o: exi/er ic-cr.ts the ttst preparation wac tht- 
i so la tec super ioi mt^sent er ic vascv:l.jr bf-d, tak«^n from male rats 
as for excOEple descrit.t;u i.:. t.h^; Ccir.a'Jiari J. I'^.ysioi Irtaru.acoi 
^1 54:357, 1976. The pei' fusion Mow r^Le was at a constant valut- 

between 3 to 4 in i / r:. i r i . , p r "l- s s u r e t c i O nni I ; , u ;:■ i rn,: K r e\ , s 
bicarbonate buffer containing .in rrJ^. ISO Na , ^. ■ >' , l.'.- Ma, C.V; , 

i.7 phosphate, bicarbonate an J II. 1 rjlucorso. 

Prior to tesT.ino tht- bcsic -.'.OLC-or-i^trictiv*- f/Tttrrr c: 
10 .ncrepinephrii-»e , as the bl tartrate-, ir; nuccessi vfi 10 hj cirr.ounts 
was established, as tht iic:. 1 i t u c: a v^ai-sitiit rliu- di.cjv 
1 cii n i n the pe r f u s i on p ; e 3 su r e . 

Zinc, as the chloride, was t h n a d de d t o 1 1 1 p^.. >■ t u i; : c n r u f e r 
at successive concentrations r-.v.o tho riorepinepi-r 1 r.o ror^ponse 
IS r:,easurfed after 1^ minutes ai t_a'j>. . 

The f c; 1 1 o w i n g r c s li 1 1 s w e i c c ■:>" <:i i r. « : . : : 



Zi.nc concent ratio:. Kijspoi^.r.c a^. i 
( Vi^ /rr.l) cj^ baaic 1 

0.1 112 

0.4 : jo 

O.b 13B 



In the p r e s e n c e o f SO u-j/ 1\ 1 of i r i d oi:; e t h.a c i n , a >; n c ■ w b 1 o c k i ri u 
agent for PG synthesis, used with 10 ng/nil PGH 2 to yivc apparently 
i\ o i-iL a 1 \^a s c vi 1 a r r a <r t : v 1 1 y , t ii e z : nc had no el 1 e c t o r ; t; h (. 



norepinephrine response. 

Similar tests with di hono- Uno i eni c r>cic 
respective rises up to a ciax i r.-;*']. ] 30>t ol x h^- 
at So ng/ml oi the acid and a luuxiii/vUT. 1:^0^ oi 
at 2.e X io"^^M PC. 

'T'he resultfi srtow that zinc aivos rcs;^r nL.«-i; 
d ihomo- Y - 1 inoen i c acid and of .^CK 1 , re spon ir, o r, it. 
not given w^ien PG syntheGis is LiocKec and i-GE : 
thus tha t conditions treated w i t h ^--li r.o i t- : . i c a c 
effectively with dihomo-Y- 1 inc) enic acid; rrsay tf. 
direction of 1 series r'G syrjthej-.i ty tho a'.iciti 
USE OF ANTIBIOTICS 

On tests carried cut ah' abcve , both I'irriic: 
penicillin G have aiven responses sir^ilar Ir: Kir. 
those given for z i nc , i^uppo r t i n c f u r the r \r. ve to 
S - 1 a c tarn a n t ib i o t i. c s a r e o 1 Vvi 1 uo i r. the * r *- a i::-. • - 
in s im i 1 a r way t c t '.i e a c; t i or; o i z i riC and a s ♦ ■ ■.' j 
results with schi z<jf!hr c-r^ : a , 



THE CLAIMS DEFINING THE INVEOTION ARE AS FOLUWS : 



1 . A method of treating schizophrenia resulting from 1- series/ 
2-series PG imbalance wherein an effective amount of a fi-lactam 
antibiotic is administered to a patient to ameliorate said imbalance, 

2. A method according to claim 1 wherein the antibiotic is a 
5 natural or semi-synthetic penicillin or cephalosporin antibiotic. 

3. A method according to claim 2, wherein the antibiotic is 
selected from penicillin G, penicillin N, penicillin V, cephalothin, 
ampicillin, amoxycillin, cloxacillin, cephalexin and cephaloglycin. 

^•'^^ 4, A method according to any preceding claim, wherein the 

10 amount of antibiotic is 0.5 to 3.0 g/day. 

5. A method according to any preceding claim, wherein 

conventional tranquillisers are administered with the antibiotic. 

* 
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